Isotope studies provide valuable data about an organ's function in vivo. Thanks to positron emission tomography (PET) using the radiolabeled natural metabolites, such as [18F]-2-fluoro-deoxy-d-glucose (FDG), biological and physiological meaning of nuclear medicine scans has been considerably increased. Therefore it is of interest to elucidate the possibilities of the technique in a study of some natural metabolites like glycine influencing the blood microcirculation. Glycine, as a medicine, was recently shown to have a positive therapeutic effect in the treatment of patients with ischemic stroke and some other neurological disorders based on vascular disturbances. By previous direct biomicroscopic investigations of pial microvessels in laboratory rats an expressed vasodilatory effect of topically applied glycine was proved. The arterioles diameters depending on initial size have been increased by 200-250% for arterioles of 20-40 µm and by 150-200% for arterioles of 50-80 µm. The PET images were acquired before and after sublingual application of glycine (200 mg). The quantitative analysis of FDG volume concentration (Bq/ml) in the rat brain demonstrated that, in studies after glycine administration, maximal, minimal and mean FDG volume concentration in the brain increased by 200-250% in comparison with the baseline data. Thus, our results revealing evident correlation between FDG-PET images and direct biomicroscopic observations confirm the great potential of molecular imaging techniques to explore in vivo process in the brain.
INTRODUCTION
Imaging of the brain is basically the production of 3-dimensional images by computer -based reconstruction of 2-dimensional digital slices. This produces unique views of the brain and other organs for diagnosis, assessment of function, and surgery itself. Substantial progress and refinement has been made in these techniques, due to improvements in computer hardware and software, and in imaging chemicals. Structures are imaged with computed tomography (CT), and magnetic resonance imaging (MRI), whereas the physiology and biochemistry are measured with single photon emission tomography (SPECT) and positron emission tomography (PET) in which radioactive chemicals are followed to their receptor sites in brain regions.
[18F]-2-fluoro-deoxy-d-glucose (FDG) PET scan can be used to study metabolism in the brain and indirectly cerebral blood flow (CBF), one of the most important parameters of cerebral hemodynamics. Indeed, recent studies proved that the application of vasodilators increases FDG uptake in the brain 1 . As a medicine glycine was recently shown to have a positive therapeutic effect in the treatment of patients with ischemic stroke and some other neurological disorders based on vascular disturbances 2 . Glycine is a nonessential ammo acid (aminoacetic acid, glycocol) occurring in animal tissues, with the highest content in brain and spinal cord 3 . As a component of glutathione, opiate peptides, hippuric and glycocholic acid, glycine is used for the synthesis of phospholipids (lecithin) oxytocin and vasopressin 4 . There are numerous evidences of the fact that glycine plays an important role in a brain neurophysiology as a natural inhibitory neurotransmitter interacting with glycinergic receptors 5 . The possible mechanisms of this vasodilatory effect may be following: the inhibition of smooth muscle α1-adrenoreceptors induction, the inhibition of phospholypase-A2, and the inhibition of arachidonic acid formation. Thus -, U.UI glycine plays an important role in normalization of misbalance between exiting and inhibiting neurotransmitter systems in central nervous system. The aim of this study was to compare the effect of glycine on microcirculation in the rat brain visualized by direct biomicroscopy 6 and on FDG uptake measured by PET.
METHODOLOGY

Direct biomicroscopy
Experiments were performed on 30 male Wistar rats weighting 180-200 g. The animals were intraperitoneally anesthetized with 400 mg/kg chloral hydrate. Glycine (1 M) was dissolved in physiological saline and applied (0.1 ml) to the surface of the parietal area after craniotomy. The final dose of glycine was 40 mg/kg. Control animals were treated with physiological saline.
Direct visual monitoring of the microcilculatory bed ( Fig. 1 ) involved a digital microscope camera (Philips Electronic instruments, Mahwah, NJ). Images of microvessels were obtained with a surface-contact long-focus objective (x10). The method allowed us to obtain images at a 100-fold magnification 7 .
The state of microcirculation in pial vessels of the brain was estimated by the diameter of arterioles (20 -200 µm). This parameter is major characteristic of blood flow in vessels. The diameter of arterioles was measured using a graded scale (minimum scale mark 16 µm) projected on the image of microvessels. 
FDG PET scan
A baseline study was started immediately after intravenous injection of 19 MBq of FDG in a rat anesthetized with ketamine and xylazine. The PET images were acquired during 20 min (Siemens Biograph Duo, CPS, Knoxville, TN). Two hours later, after sublingual application of glycine (200 mg) and the second FDG injection, the PET scan was performed during 20 min as well. Finally, 4 days after the first studies, we repeated the PET scans in the same conditions after sublingual application of glycine.
The CT scan was performed in a spiral mode with 2mm slice thickness. Then PET/CT images were fused (Fig. 2) .
The quantitative analysis of FDG volume concentration (Bq/ml) in the rat brain was performed based on maximum, minimum, mean and standard deviation values comparison (e.soft software, Siemens, Germany). The brain ROI was detected automatically as 70% maximum isocontour. 
RESULTS
The dura mater provided physiological conditions but decreased the rate of glycine transport to microvessels by 2-3 times. After removal of the dura mater, vascular reaction was observed 1-3 min after application of glycine (Fig. 3) . Indeed, application of glycine was followed by pronounced dilatation of arterioles. Their diameter increased by 150-250%, which depended on the initial diameter of vessels. The diameter of 20-40-µm arterioles increased by 200-250%. Large microvessels (50-80 µm) were dilated by 150-200%. The diameter of vessels returned to normal 5-10 min after application of glycine (Table 1) .
These changes were not observed after application of physiological saline. The diameter of venules remained unchanged. Table 1 . Quantitative analysis of pial arterioles diameter before and after application of glycine
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The fusion of PET and CT images showed a high FDG uptake in brain, heart and kidney with a middle uptake in liver (Fig. 4) .
The quantitative analysis demonstrated that, in two studies after glycine administration, maximal, minimal and mean FDG volume concentration in the brain increased by 200-250% in comparison with the baseline data ( Table 2) . 
CONCLUSIONS
The role of glycinergic receptors in spinal inflammatory and neuropathic pain processing is well established 8, 9 . These receptors might be suitable targets for the development of novel analgesics.
Moreover, glycine protects in a variety of disease states in experimental models such as ischemia-reperfusion injury, shock, transplantation, alcoholic hepatitis, hepatic fibrosis, arthritis, tumor, and drug toxicity. Preliminary data from clinical trials also show promising effects on human liver grafts after transplantation. The mechanisms by which glycine protects remain incompletely understood. Proposed mechanisms include suppression of calcium signaling, inhibition of inflammatory cell activation, decreased formation of free radicals and other toxic mediators, and blockage of plasma membrane permeabilization preceding oncotic necrosis 4 .
However, glycine cannot cross blood-brain barrier and could not influence any process in the brain. Our results showed that glycine applied directly on the pial membrane or indirectly (sublingual), provokes the same vasodilatory effect on microcirculation. Therefore, glycine should be used as neuroprotector for the therapy of patients with ischemic stroke and other vascular disturbances in the brain.
We also showed complementary nature of direct biomicroscopic studies and new molecular imaging techniques like FDG PET scan for understanding brain disorders.
